The chironomid fauna living in running waters in the Southern Alps was investigated from an ecological and biogeographical point of view: 202 species were identified (not including terrestrial species). It must be emphasised that species identification is tentative within some genera, especially those awaiting revision (e.g., Boreoheptagyia, Chaetocladius). Although much taxonomic work was done in the past on the chironomid Alpine fauna, there are still many unsolved problems. Most of the species found are widespread in the Palearctic Region, with no evidence of bio-geographical barriers separating different Alpine sectors. Really a relatively high number of species reported from the northern and western side (France, Switzerland, Austria) of the Alps was not captured on the southern side (Italy), whereas most species found on the southern side are also present on the northern one. Very few species are reported from southern side only. Lack of sampling, imperfect taxonomic knowledge and different environmental conditions between the northern and southern sides may be responsible of this result. A comparison of the fauna of the southern Alps with the fauna of the Apennines suggests that the differences are probably more related to ecological conditions (lack of glaciers in the Apennines) than to biogeographical barriers. Different chironomid assemblages colonise manifold habitat types: strict cold-stenothermal species tolerating high current velocity (e.g., Diamesa latitarsis -steinboecki group) are almost the sole inhabitants of kryal biotopes, while other cold-stenothermal species are restricted to cold springs (Diamesa dampfi, D. incallida, Tokunagaia rectangularis, T. tonollii), there are also species characteristic of hygropetric habitats (Syndiamesa edwardsi, S. nigra) or restricted to lacustrine habitats (Corynoneura lacustris, Paratanytarsus austriacus). It must be emphasised that different responses to environmental factors can be observed between species belonging to the same genus (e.g., Diamesa, Eukiefferiella, Orthocladius, Paratrichocladius), so species identification is really needed for a good ecological work. Water temperature, current velocity, substrate type are the most critical factors, sometime chironomid species appear to be rather opportunistic and their presence or absence cannot be clearly related to a well defined range of values of environmental variables: be it a lack of knowledge or a real datum will be the task of future studies. The waters of the Alps are still relatively unpolluted, but hydraulic stress due to river damming and canalization is a serious problem for macrofauna conservation, and as the glaciers retreat, the species confined to the glacial snouts are at risk of extinction, some of them possibly even before their existence be discovered.
Introduction
The Chironomidae are the freshwater insect family which comprises the highest number of species, both in lentic and lotic habitats (Cranston, 1995) . They are well known indicators of trophic condition in lakes (Brundin, 1974) , of organic pollution in running waters (Thienemann, 1953) and are considered an interesting biogeographic material (Brundin, 1966) .
The numbers of species and specimens are particularly high in alpine freshwaters, making the chironomid taxocoenosis the most important in these biotopes, especially in glacier-fed streams (Ward, 2002) . The high altitude lotic habitats host both euryoecious species, adapted to live in a variety of running waters (glacial streams, springfed brooks etc.), and truly cold-stenothermal species confined in reaches close to glacial snouts. The true cold-stenothermal species (e.g., Diamesa steinboecki) adapted to tolerate extremely low temperatures (generally lower than 4-6°C) are able to face high current velocity but are vulnerable to anoxia, even if the risk of oxygen depletion is reduced in very cold, fast running waters (Thienemann, 1953) . In the uppermost sector of glacier-fed streams (metakryal), where the water temperature does not exceed 2°C, Diamesa species are typically the sole inhabitants. Other Diamesinae (Pseudodiamesa, Pseudokiefferiella, Syndiamesa), Orthocladiinae (Tvetenia and Euorthocladius) and Simuliidae, commonly Prosimulium latimucro (Enderlein 1925) , are able to survive in the hypokryal, where maximum temperature is lower than 4°C (Steffan, 1971; Milner & Petts, 1994; Lods-Crozet et al., 2001a; .
Alpine chironomids are interesting from a biogeographical point of view (Serra-Tosio, 1973) . Cold-stenothermal species should be unable to cross the geographical barriers formed by high mountains and warmer lowland waters; endemic species were reported in the past in different mountain groups, but more detailed investigations often revealed that species previously thought to live in a restricted area actually had a wider distribution (Rossaro, 1995) .
Knowledge of invertebrate fauna from Alpine streams, with special reference to chironomids, is still limited, especially at species level . Thienemann (1936) carried out the first ecological surveys on the Alpine chironomid fauna on the northern side of the Alps, in Bavaria. SerraTosio (1973) examined the Diamesinae of the French Alps and gave a detailed description of the morphology, ecology and geographical distribution of the species. Kownacka & Kownacki (1975) studied Diamesinae in Tyrolean glacial streams (Ö tzaler Alps). Since the '70s chironomid species were collected in high altitude streams in the Southern Alps, focusing particularly on waters in the Ortles and Adamello groups. The chironomids (Diamesinae and Orthocladiinae above all) from these areas were described along with taxonomical and autoecological notes (Ferrarese & Rossaro, 1981; Rossaro, 1981 Rossaro, , 1982 Rossaro, , 1990 . From 1980 to 1982 faunistic investigations were carried out on the Alpine chironomid communities of the Upper Alz (West Germany) by Caspers (1983) , finding a total of 80 species. Saxl (1986) recorded 66 chironomid taxa in the Stocktalbach (Tyrol) between 2200 and 2400 m a.s.l. At the end of the '80s, a catalogue of chironomids from the French Alps was compiled (Serra-Tosio, 1991) . French Alps include area 4 over 1000 m a.s.l. and part of area 13, under 1000 m a.s.l. in the Limnofauna Europaea (Fittkau & Reiss, 1978) . Three hundred and thirty five species were recorded, about 90 from area 4 (excluding terrestrial species). Kownacki & Kownacka (1994) investigated the drift phenomenon in chironomids in high mountain streams in the Southern Tyrol (Italy). During the last ten years, Crema et al. (1996) studied springs in the southern (Trentino, Alto Adige, Veneto) and northern Alps (Bavaria), collecting respectively 61 and 71 chironomid taxa, mainly genera, larval material did not allow determination of species within some genera. Relationships between the environmental factors and the chironomid species were analysed in glacial streams in the Veny Valley (Aosta, western Italian Alps) ). The chironomid communities of permanent or temporal inlets and outlets of 15 lakes in the Central Alps (Piedmont-Italy and Canton Tessin-Switzerland, Pennine-Lepontine Alps) were investigated from 1991 to 2000 within the framework of the pan-European projects Acidification of mountain Lakes: Palaeolimnology and Ecology (AL:PE), MOuntain Lake Research (MOLAR) and European Mountain lake Ecosystems: Regionalisation, diaGnostics & socio-economic Evaluation (EMERGE): 7, 23 and 300 European lakes were considered respectively in the 3 projects with the focus on their geographical, morphometrical and chemical characteristics (Fjellheim et al., 2000; Wathne & Rosseland, 2000) . Inlet/ outlet streams of 3 further lakes were studied in the framework of EU Inter-Reg II Programme (Marchetto et al., 2001 ); 4 outlets and 1 inlet were investigated in the '90s by Boggero et al. (1996) and Boggero & Nobili (1998) ; in all, 154 chironomid species were identified. Species identification was aided associating larval material with pupae. Since 1996 the chironomid fauna from high altitude streams in Trentino (Rhaetian Alps) have been monitored within the Arctic and Alpine Stream Ecosystem Research (AASER) and Health and integrity of high mountain streams in Trentino (HIGHEST) projects. Six streams (3 glacial, 1 non-glacial and 2 outlets) were selected in the Adamello-Presanella mountain group (Val Borzago and Val Nambrone, Adamello-Brenta Regional Park), 14 streams (5 glacial, 5 non-glacial and 4 outlets) and 5 springs in the Ortles-Cevedale mountain group (Val de la Mare, Stelvio National Park). Altogether about 130 chironomid taxa were collected, accounting for 25% of the Italian chironomid fauna (Lencioni, 2000; Lencioni et al., 2000; Lencioni & Maiolini, 2002) . Some of the data on glacial systems in Trentino were included in a special issue of Freshwater Biology ), devoted to various aspects of the ecology of glacier-fed rivers along a latitudinal gradient (46°-79°N). Many contributions to our knowledge of the European chironomid fauna were given. Among these, Lods-Crozet et al. (2001a, b) examined the physico-chemical features and benthic macroinvertebrates in glacial and non-glacial streams in the Swiss Alps, as did Fu¨reder et al. (2001) in the Austrian Alps. Notes on the Austrian and German chironomid fauna were also provided by Orendt (2000) who investigated 30 small watercourses in Berchtesgaden National Park. Ninety four taxa were recorded (71% of specimens were determined to species) from mainly pupal exuviae.
In the present paper, the chironomid fauna of running waters from the southern Italian Alps (sites above 800-1000 m a.s.l.) will be reconsidered, with notes on biogeography and ecology of the species. Identification to species is necessary in an ecological study, it is a well-known fact that different species belonging to the same genus (Diamesa, Eukiefferiella, Orthocladius and Paratrichocladius) respond differently to the same environmental factors (Rossaro & Mietto, 1998) .
All the information available about Southern Italian Alps, filed in a relational database (CHIRDB=chironomid database 1 ), will be used for discussion. The response to environmental variables (water temperature, conductivity and pH) and factors (food, substrate) will be summarized for each species using all the data up to date available.
The study sites
A total of 125 study sites distributed above 800-1000 m a.s.l. were investigated in Alpine running waters (Table 1, Fig. 1 ). Samples were collected throughout the year with a monthly frequency in the Ortles and Adamello groups of mountains (high Camonica valley, Oglio river basin) from 1978 to 1981. In all the other areas samples were collected during summer from June to September with at least a monthly frequency. All the information available filed in CHIRDB will be considered for discussion and calculations.
The areas investigated fall within longitude 6°to 12°E (Fig. 1) , and include the catchments of the major Italian lakes (Maggiore, Como, Iseo, Garda) and rivers (Po, Dora Baltea, Sesia, Toce, Ticino, Adda, Oglio, Sarca, Adige). A median zone of predominantly crystalline rocks (granite, diorite, gneiss) and two predominantly calcareous external zones in the North and the South are distinguished in the Alps. The southern external zone, belonging to the Italian Alps, is smaller in the west and more extensive in the centre and east.
Most of the study sites in protected areas, in National and Regional Parks: Val Grande (Piedmont), and Stelvio National Parks (Lombardy, Trentino and Alto Adige), Adamello-Brenta and Paneveggio Regional Parks (Trentino). R 1990; Unpubl. 1990 A wide heterogeneity of habitats from large glacial streams to small spring-brooks and lake outlets was investigated. The classification of the habitat sampled included in CHIRDB follows the criteria proposed by Ward (1994 Ward ( , 2002 and Fu¨reder (1999) . The glacial streams (kryal) have a maximum discharge and turbidity during the icemelt period. In summer, the water velocity is generally above 2 m s )1 , water temperature does not exceed 4-6°C, the channel bed is highly unstable, the higher aquatic plants are absent and the biofilm is composed only by Diatoms and blue-green algae. In this season, the zoobenthic community is dominated by Diamesinae. The non-glacial streams, fed by groundwater (krenal), snowmelt ('chial') and/or rainfall ('ombral') (Lencioni, 2000) , are also included. They are less harsh and host a richer invertebrate community. The krenal streams considered originate from the underlying alluvial aquifer (alluvial springs) and from hill-slope aquifers that emerge along the edge of the river corridor (hill-slope springs). The krenal alpine streams are characterized by clear water. The temperature changes according to the origin of the groundwaters, when they originate from glacier melt it can be very low in summer, below 2°C (SerraTosio, 1973) , but when the ground-waters are far from glaciers and originate mainly from snowmelt or rain, the water temperature is higher (5-15°C). The dissolved oxygen is generally under saturation and carbon dioxide concentration can be very high, favouring the development of algae, mosses and hepatiques. The zoobenthic community is co-dominated by chironomids (Diamesinae and Orthocladiinae), Plecoptera, Ephemeroptera and Trichoptera. Chial and ombral habitats are generally temporary habitats with peaks of discharge during the snowmelt or after rainfall. In CHIRDB lake outlets are also included. They represent a different stream type, with physical, hydrological and chemical features directly influenced by the upstream lake (Hieber et al., 2002) . Generally outlets of high altitude lakes show higher water temperature and lower diel and annual discharge fluctuations than inlets of the same lake. Moreover, these waters are richer in food (nutrients and planktonic drifters) and faunal diversity and abundance is higher. 
Methods

Environmental factors
Point records of water temperature, dissolved oxygen, pH and conductivity were recorded with a field multiprobe in all sampling sites, with the exception of the outlets of the small alpine lakes where 1 l of water was taken from each site using a polyethylene bottle and analysed in the laboratory (Tartari & Mosello, 1997) . Nutrients (nitrogen, phosphorous, silica), the main cations and anions were recorded in all sites investigated in the AL:PE, EMERGE, AASER and HIGHEST projects. The last two projects also required the measurement of suspended sediments and temperature to be performed continuously throughout the year (from June to August with a monthly frequency), as well as geo-morphological (e.g., channel stability) and hydrological (current velocity, depth, discharge) factors. More details are in .
Chironomid fauna
In each sampling site, larvae and immature pupae were collected from different microhabitats (e.g., stones, mosses and algal mats) with a pond net (225-300 lm mesh sizes) (Thienemann, 1936) , while mature pupae and pupal exuviae were taken with a drift net (300 lm mesh size) (Brundin, 1966) . When qualitative samples were collected, at least 30 (generally more, 100-200) specimens were examined per sample and mounted on permanent slides for identification. In the AASER and HIGHEST sampling sites quantitative kick samples were taken (in each 15 m-long station, 5-10 replicates were taken, each of them from an area of 0.1 m 2 ). Lake outlets were sampled near the lake source and 50-100 m downstream.
For rearing single larvae and pupae were transported alive to the laboratory, with mossstems or leaf pieces. Some specimens were kept in Petri dishes (1 cm high, 5 cm diameter) at low temperature (1-6°C) till the adults emergence. Strictly cold-stenothermal species (e.g., Diamesa latitarsis and steinboecki group) required water temperature below 4°C for rearing. Larvae successfully reared in Petri dishes become mature pupae, but mature pupae often did not moult to live imagos under these conditions. Imagos were successfully obtained from larvae and pupae reared in larger boxes (30Â30Â30 cm) aerated with an aquarium air pump. Under these conditions, emerging adult mortality was low, but an association of single larval and pupal exuviae with adults was not possible. Adults were also collected occasionally in the field using sweep nets, light and emergence traps.
Genera were identified using Wiederholm (1983 Wiederholm ( , 1986 Wiederholm ( , 1989 keys for Holarctic fauna, species using the miscellaneous specialised literature available.
Only species whose identification was based on well preserved material mounted on permanent slides, stored in the collection of the Department of Biology of the University of Milan (Italy), the Natural Science Museum of Trento (Italy) and the Institute for Ecosystem Study in Pallanza (Italy) were included in the checklist (see Appendix).
Data analysis
All the data available from the southern Alps summarized in Table 1 were filed in a relational database (CHIRDB=chironomids database) using Microsoft ACCESS (MS) . Means of environmental variables weighted by species abundances were calculated. Values obtained with fixed count sub-samples, generally 100 specimens, were used as species abundances (King & Richardson, 2002) . Means of water temperature, conductivity, and pH (and other variables when available) were calculated, using the formula
where z ij is the value of the environmental variable j measured in a locality i, y ik is the abundance of the species k in the same locality i and z jk is the weighted mean value calculated for species j and variable k. Weighted standard deviations, minimum and maximum values were also filed in the database. Sites above 900 m a.s.l. were selected for calculations. Species for which at least 10 records were available for each environmental variable were included in Tables 2-4 .
Results
In all, 202 species were captured on the Italian side of the Alps (Appendix 1).
Taxonomy
The present research confirms the importance of identifying species (Rossaro & Mietto, 1998) , in fact different species within a genus often have a divergent ecological niche. Our knowledge of Holarctic genera is wellconsolidated (Wiederholm, 1983 (Wiederholm, , 1986 (Wiederholm, , 1989 , whereas there are still many unsolved taxonomic problems at the species level. Many genera require revision, e.g., Boreoheptagyia and Chaetocladius. Species identities must be checked accurately in Diamesa latitarsis and steinboecki groups to avoid misidentifications, and there are many open taxonomic questions in other genera; recent revisions (Orthocladius s. str., see Langton & Cranston, 1991; Rossaro et al., 2003) have emphasised the existence of incorrect synonymies.
Biogeography
Information about the distribution and ecology of chironomids in the Alps is still fragmentary, despite the large number of studies carried out in the past (see Introduction). Many high altitude stream ecosystems in the Southern Alps are still unexplored or very little known, such as those in the Matterhorn (Cervino), Gran Paradiso, Dolomites and Carnia mountains. Most species are widespread in the Palaearctic Region, with some exceptions: for example Diamesa longipes and Stilocladius montanus showed a distribution restricted to very few locations. A comparison of checklists from different countries can be misleading due to dissimilarities in the taxonomic accuracy applied by specialists in species identification. Different sampling efforts and devices, and differences in the characteristics of the areas investigated also advice caution.
A comparison between the list of species from the northern and southern side of the Alps emphasises that a geographical barrier separating chironomid species is not apparent. Reiss (1968) draw the same conclusion in comparing the fauna of lakes in the Prealps. The fact that a high number of species names is reported from only one side of the Alps seems to contradict the absence of barriers; within the well investigated Diamesinae Protanypus spp., Diamesa wuelkeri (Serra-Tosio 1964), D. martae (Kownacki & Kownacka 1980) , D. novikiana (Kownacki & Kownacka 1975) , D. hamaticornis (Kieffer 1909) were reported from the western and northern side only, and Syndiamesa nigra from the southern side only; among the Orthocladiinae, there are many species reported from the northern side only, but the presence of Heterotanytarsus sp. A from the southern side only must be noted. The example of Boreoheptagyia is also instructive: four species belonging to the genus Boreoheptagyia were reported from the French Alps (Serra-Tosio, 1991), three species from the Italian Alps, but only B. legeri and B. rugosa are common to both; B. alpicola (Serra-Tosio, 1989); B. dasyops (SerraTosio, 1989 ) are endemic to the French Alps, B. monticola (Serra-Tosio 1964) is reported from the French Alps, Switzerland, and Macedonia, and there is one still not described species from the Italian Alps. At least three species are known as pupae and larvae only (Serra-Tosio, 1989) as a demonstration of incomplete knowledge of the genus. On the other hand it must be emphasised that there are also species collected in few localities on both sides of the Alps (Diamesa longipes and Stilocladius montanus for example); rare species such as Protanypus spp., D. wuelkeri and D. starmachi are also probably present in both sides, but the determinations on the southern side must be confirmed.
To sum up incomplete knowledge can be always an explanation of conflicting evidence.
An intriguing puzzle is the case of Diamesa insignipes: it was never captured on the southern side of the Alps, which is rather surprising because the species is widespread in Europe, common in the French, Bavarian and Austrian Alps; in Italy it is also present and common in the northern Apennines, even though its emergence is restricted in this area to a short period in January. In the central Apennines adults have been captured only in one occasion (a spring near Opi, Sangro river, May 1978); the species was not captured again after that date, despite the intensive sampling in the area between 1990 and 1993. In the southern Alps larvae with a yellow head attributable to this species (Ferrarese & Rossaro, 1981) were rarely captured, so the presence of the species cannot be excluded, but adults were never collected. It must be emphasised that reports from different localities based on larval collection only are not enough to confirm the presence of a species.
Ecology
The relatively high species richness observed can be explained by the high heterogeneity of the habitats investigated. Most species are typical of mountain streams but there are taxa which are also common in lowland rivers (Rheocricotopus fuscipes, Synorthocladius semivirens, Micropsectra atrofasciata, Tanytarsus spp., Polypedilum spp., Chironomus spp.).
Correlation coefficients between environmental variables and the most common species are in Table 5. Altitude, source distance and water temperature were significantly correlated with many taxa, but total phosphorous and ammonia emphasized also significant (often inverse) correlations, Among the species living at high altitude, some appeared to be strictly cold-stenothermal, others eurithermal, most with a range below 12°C (Table 2) , and/or able to tolerate acidic pH (up to 4.5 units) (Table 3) . Species records occurred in a wide water conductivity range (2-700 lS cm )1 (Table 4) . Water temperature is confirmed as the variable which best accounts for species distribution Castella et al., 2001; ). Low temperature is associated to high oxygen concentration. Many species are steno-oxybiontic and have an optimum at low temperatures (Table 2) . added channel stability and turbidity to the variables that mainly influence the zoobenthic communities in high altitude streams. pH (Table 3) , water conductivity (Table 4) , current velocity and food availability can also be responsible of different species patterns, but none does seem to be very limiting. Very low pH values were never observed in the localities examined and no species is apparently excluded by pH. Conductivity also is not a limiting factor within the observed ranges. Hydraulic stress due to river damming and canalization alter the hydrological and thermal pattern: at present this is probably a serious problem for freshwater macrofauna conservation in the Alps, but a quantification of its influence on species response is not easy: there is evidence indeed that there are species able to sustain high current velocity (more than 2 m s )1 ): Boreoheptagyia spp., D. gr. latitarsis, Tvetenia calvescens, Eukiefferiella brevicalcar, E. minor, Eudactylocladius fuscimanus, Euorthocladius rivicola, E. frigidus, Krenosmittia camptophleps, Heleniella serra-tosioi, Micropsectra atrofasciata: many of them have a wide distribution range and do not seem to be restricted to fast flowing streams. The species tolerance to high current velocity requires further study. Correlation coefficients emphasized that water temperature is the variable most frequently correlated with species abundance, followed by conductivity and pH (Table 5) . Water velocity was also probably very important but few measures are available and the importance of nutrients must be emphasised.
Chironomids in alpine streams feed largely on Diatoms, which live epiphyte on different substrates (rocks, Hydrurus foetidus, mosses). Biofilm chlorophyll a concentration and the total number of chironomids are significantly positively correlated (r=0.38, p<0.01, data from CHIRDB) suggesting that food may be a limiting factor.
Waters in the Alps are still relatively unpolluted, organic pollution and sewage discharge was observed only locally in the Alps, organic pollution does not appear to be a serious problem for the chironomid fauna; many species can actually be favoured by moderate organic enrichment. 
Conclusion
At present the objective of relating species to environmental factors in alpine inland waters is reached only in part, species groups or genera and not species were generally used in multivariate analysis carried out to emphasise the species response to environment (Ruse & Davison, 2000; Milner et al., 2001 ); the reason is that species identification is a very laborious task and rarely it is matched by the estimation of species abundances and measurement of environmental variables. CHIRDB allowed the calculation of correlations between environmental variables with species, but the number of samples available was low for many species resulting in high standard deviations (see Tables 2-4) . CHIRDB mainly refers to Alpine samples collected in summer. Winter samples are available for a limited number of sites (Camonica, Malenco valley, see Table 1 ). Recent findings (e.g., Burgherr, 2002; Uehlinger et al., 2002) highlighted that in some habitats, such as glacial streams, the winter community is generally richer than that of the summer, both in species numbers and abundances, because in winter environmental stress is reduced (lower discharge, higher channel stability and higher transparency, abundant algae (mostly Diatoms) growing on mats of H. foetidus, etc.). For a better understanding of the relationships between fauna and environment, the winter season should be taken into account in future ecological research (Fu¨reder et al., 2001) .
Long term studies should be encouraged, especially on habitats characterised by strong seasonality like high altitude streams (Kaufmann, 2002) : the reference period of CHIRDB is rather long (25 years from 1978 to 2005), but long term studies are restricted to few localities (Camonica valley). In some localities (i.e. Conca, Niscli, Cornisello, de la Mare and Careser stream systems, all in Trentino) series of data with a robust sampling design are available (2-5 years of records for the same streams with a 15 days frequency in summer). In any case the available data do not highlight trends in species composition. Reductions in chironomid abundance were emphasised in the last years in some glacial streams in the southern Alps. High discharges were observed for the entire summer, due to unusually high air temperatures (in summer 2003 above 30°C during the day and above 0°C during all the night above 2500 m of altitude). This climatic situation maintained very high discharge with high turbidity and channel instability for many consecutive months, hindering the development of a biofilm. The strict cold-stenothermal species, such as those belonging to the Diamesa latitarsis -steinboecki group, confined to glacial snouts, are at risk of extinction as the glaciers retreat. This has probably already happened in the Apennines, where the recent disappearing of small glaciers ('the Calderone' in the Gran Sasso group, Abruzzo) reduced the Diamesa latitarsis group to only one species, Diamesa bertrami (Edwards 1935). It was captured only in the upper stretch of the River Mavone on 4/12/92 and 20/3/93, never elsewhere. Diamesa aberrata was also very rarely captured (Tasso stream, National Park in Abruzzo, 20/5/78, Aso stream, 29/1/79). The absence of records of D. insignipes in the Central Apennines after 1978 despite a conspicuous sampling effort also deserves attention.
Spatial and temporal changes of chironomid fauna in terms of number of individuals and/or species can be explained through the effects of short term and long term climate change. Inter-annual variations can be explained by exceptional climatic conditions such as an extremely warm summer or cold winter; they modify physical variables (e. g. an higher discharge, a shorter or longer snow cover) promoting a global community response with interspecies competition. These causal events can be complicated by stochastic factors such as the chance that an adult female deposits eggs. There is enough evidence that the glaciated areas in the Alps, and cold water habitats in the Mediterranean region in general, are at serious risk in relation with the global climatic change.
